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Where can we travel in
space?

Interstellar travel: between
stars.

Closest star system: Alpha
Centauri, 4.4 light-years
away.

Closest star: Proxima
Centauri (Alpha Centauri
C).
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* Closet exoplanet: Proxima
Centauri b.

* Potentially habitable.




Diameter of Milky Way
galaxy: 87,000 light-years.

The Sunis 26,000 light-
years from the galactic
center.
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Intergalactic travel.:
between galaxies.

Closet large galaxy:
Andromeda.

Distance: 2.5 million light-
years!




How long will a journey
take?

Fastest human-made
spacecraft: Parker Solar
Probe.

Its peak speed (Dec 2024):
690,000 km/h.

* 190 km/s.

* 0.064% of speed of light.

At this speed:

* 6,900 yearsto Alpha
Centauri.

* 4billionyearsto
Andromeda.




Prospective propulsion
methods:

* Nuclear pulse
* Light sail

Could reach 10% of speed
of light (.1c¢).

44 years to Alpha Centauri.
NASA planned mission:

launch in 2069, get there by |

A NICH

25 million years to
Andromeda.




* Whatis the fastest
possible speed?

* As amassive object _
approaches the speed of 1.5¢
light, accelerating requires '
more and more energy.

1.0

=
Il

_a ] 3

0.5

~<
1l

V1-p?
E = ymc?
K =(y —1)mc*




Distant future propulsion
methods could get
arbitrarily close to ¢, given
enough energy.

How much energy?

1.5¢

1.0
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Acceleratem = 1 tonto
v = .99c?

E =~ 10%! J (total world
energy consumptionin a
year).
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Double for deceleration at
destination.

Alpha Centauriin 4.4 years.

Andromeda in 2.5 million . 2 e
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Relativistic time dilation
makes the trip subjectively
shorter for the passengers
on the ship (but NOT on
Earth).

At .99c, dilation factor is
y = 7.

Trip to Alpha Centauri will
take 7.5 months.

To Andromeda 360,000
years.




At .9999999999999¢,
dilation factoris 2,500,000.

Trip to Alpha Centauri will
take just 1 minute!

Trip to Andromeda will take
just 1 year.

But:

* Thisrequires 1 million times
more energy than .99c.

e Backon Earth time flows
normally.




e What can we do with

limited energy and very
long journeys?

* Generation ship: Multiple

generations live and die on
ship.




Sleeper ship: Crew in
suspended animation.




e Extended lifetimes or
immortality.




Send Als instead (or mind
upload).

Conclusion: Interstellar
travel is extremely hard,
intergalactic travel nearly
impossible!
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Can we travel faster than
light (FTL)?

In general relativity,
spacetime is curved.

This seems to allow

“loopholes” for FTL travel.




First “loophole”:
wormholes, “shortcuts” in
spacetime.

Imagine a wormhole with
one end at Earth and the

other at Proxima Centauri
b.

We can travel the distance
through the wormhole
Instantly.

Travel through the
wormhole is actually
slower than light, but
effectively FTL.







A wormhole between the Brock University exterior and the Physics Department. Credit: Alessandro Pisana.
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Are they realistic?

Both “loopholes” can be
described mathematically.

That doesn’t mean they
can really exist.

One issue: both require
exotic matter with negative
energy.

It can exist only in very
small quantities for a short
time.
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Another issue: we don’t
know how to construct
them.

All existing theoretical
research just assumes they
already exist.

For wormholes, we need to
somehow “make a hole” in
spacetime.

For warp drives, we need to
already travel FTL to create
the FTL bubble.

Creation of a wormhole. Credit: Alessandro Pisana.



FTL travel can also lead to
time travel.

Wormholes can connect
two spacetime points at
different times.

Warp drives can also be
used to travel back in time.

A bug or a feature?




Time travel could lead to
paradoxes.

Examples:

e Consistency paradox:
something prevents itself
(grandfather paradox).

* Bootstrap paradox:
something creates itself.

A paradox isn’t an event
that can happen, it’s a
theoretical inconsistency.




Proposed resolutions:

Hawking Chronology
Protection Conjecture: Time
travel is impossible.

Novikov Self-Consistency
Conjecture: Paradoxes are
impossible.

Parallel timelines : Changes
create new independent
timeline.







Time Travel
Paradoxes
and Multiple
Histories

With Jacob Hauser

Phys. Rev. D 102, 064062 (2020)

Main results:

Model with inevitable
paradoxes.

Cannot be solved using
Novikov.

Can be solved using
parallel timelines.
Either infinite or cyclic
histories.

L INTRODUCTION

VD102, 064

vel paradoxes and multiple histories




Allowed interactions:

A A

h=1

Many timelines:

One timeline:

h > 2




Wormhole
Time
MET R
and Multiple Main results:

* Strengthened previous
1 1 results using a realistic
H IStorleS model + simulation.
* Proved that parallel
timelines are mandatory
if time travel is possible.

With Jared Wogan

Gen. Relativ. Gravit. 55, 44 (2023)

RESEARCH ARTICLE

Wormhole Time Machines and Multiple Histories

Barak Shoshany'® - Jared Wogan'

Abstract

Contents




oSingle History

Initial pPosition: [ ] +1.20 Multiple Histories
Wormhole Radius:
Velocity: ] 10.60 | +0.45
Viewing Angle: 1 _9p°

Single History

Initial Position: ] +1.20 oMultiple Histories
wWormhole Radius:
Velocity: ] +0.60 ] +0.45
Viewing Angle: [ _9g°

https://github.com/bshoshany/WormholeParadoxSimulation




°
TI m e Travel lime Travel Paradoxes and Entangled Timelines

Paradoxes
Main results:

a nd * First concrete model for
resolving paradoxes with

Enta ngled parallel timelines.

. R * Uses many-worlds

Tlmellnes interpretation.

* Resolves wide range of
paradoxes.

* Timelines are emergent
from entanglement.

* Propagate locally,
gradually, and causally.

With Zipora Stober

arXiv:2303.07635




Time Timelineh =0 Timelineh =1

10) ® [1) 11) ® [1)

Nothing happens Time travelis prevented

10) ® [1) 11) ® |0)

Time travel occurs Time travel does not occur

Time Timelineh =0 Timelineh =1
lempty) & |alive) |bomb) ® |alive)
Nothing happens Bomb explodes, Alice dies
lempty) & |alive) |bomb) ® |dead)

Alice sends a bomb back in time Dead Alice cannot send a bomb

Time Timelineh =0 Timelineh =1
lempty) @ |not annihilated) |particle) @ |not annihilated)

Nothing happens Past and future particles annihilate

|lempty) & |not annihilated) |particle) ® |annihilated)

Particle goes into time machine Particle doesn’t go into time machine



Wa rp Warp drives and closed timelike curves

Barak Shoshany' " and Ben Snodgrass

Drives and
Closed
Timelike
Curves

Main results:
Showed explicitly that
warp drives can be used
for time travel.
“Glued” two warp drives
together.

 Showed exotic matter is
% needed even for non-FTL
- warp drives.

With Ben Snodgrass

Class. Quantum Grav. 41 205005 (2024)
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Wormbhole
Nucleation via
TOPOlOgical Main results:
Surgery in . Usuallyw‘ormholes

being studied are

LO e ntZia N assumed to already

exist.
* Tryingto create a
Geometry wormbhole leads to
singularities.
* We found awayto do

it without
singularities.

With Alessandro Pisana

arXiv:2505.02210







For more information:
baraksh.com

Any questions?
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